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Background of the Invention 
Reference to Related Application 

[0001] The present application is a continuation of U.S. Patent Application 
No. 09/268,176, filed March 15, 1999, entitled "ELECTRICAL CONTACT FOR HIGH 
DIELECTRIC CONSTANT CAPACITORS AND METHOD FOR FABRICATING THE 
SAME," ar)d claims priority benefit under 35 U.S.C. § 120 TO THE SAME. The present 
application incorporated the foregoing disclosure herein by reference. 

Field of the Invention 

[0002] The present invention relates generally to integrated circuit fabrication, 
and more particularly to electrical contacts to capacitors which incorporate high dielectric 
constant materials. 

Description of the Related Art 

[0003] A memory cell in an integrated circuit, such as a dynamic random 
access memory (DRAM) array, typically comprises a charge storage capacitor (or cell 
capacitor) coupled to an access device such as a Metal Oxide Semiconductor Field 
Effect Transistor (MOSFET). The MOSFET functions to apply or remove charge on the 
capacitor, thus effecting a logical state defined by the stored charge. The amount of 
charge stored on the capacitor is proportional to the capacitance C, defined by C = 
kkoA/d, where k is the dielectric constant of the capacitor dielectric, kg is the vacuum 
permittivity, A is the electrode surface area and d is the distance between electrodes. 

[0004] The footprint allotted to memory cells is continually being reduced as 
integrated circuits are scaled down in pursuit of faster processing speeds and lower 
power consumption. Fabrication costs per unit of memory can also be reduced by 
increasing packing density, as more cells (each representing a bit of memory) can be 
simultaneously fabricated on a single wafer. As the packing density of memory cells 



continues to increase, each capacitor must maintain a certain minimum charge storage 
to ensure reliable operation of the memory cell. It is thus increasingly important that 
capacitors achieve a high stored charge per footprint or unit of chip area occupied. 

[0005] Several techniques have recently been developed to increase the total 
charge capacity of the cell capacitor without significantly affecting the chip area 
occupied by the cell. These techniques include increasing the effective surface area A 
of the capacitor electrodes by creating three-dimensional folding structures, such as 
trench or stacked capacitors. 

[0006] Other techniques concentrate on the use of new dielectric materials 
u and ferroelectrics having higher permittivity or dielectric constant k. Such materials 

S include tantalum oxide (Ta205), barium strontium titanate (BST), strontium titanate 

^ (ST), barium titanate (BT), lead zirconium titanate (PZT), and strontium bismuth 

in 

Q tantalate (SBT). These materials are characterized by effective dielectric constants 

^ significantly higher than conventional dielectrics (e.g.. silicon oxides and nitrides). 

= Whereas k = 3.9 for silicon dioxide, in these materials, k can range from 20-40 (Ta205) 

^ to greater than 100, with some materials having k exceeding 300 (e.g., BST). Using 

^ such materials enables the creation of much smaller and simpler capacitor structures for 

0 a given stored charge requirement, enabling the packing density dictated by future 
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circuit design. 

[0007] However, difficulties have been encountered in incorporating the high 
k materials into conventional fabrication flows. For example, Ta205 is deposited by 
chemical vapor deposition (CVD) employing a highly oxidizing ambient. Furthermore, 
after deposition, the high k materials must be annealed to remove carbon and/or 
crystallize the material. This anneal is also typically conducted in the presence of a 
highly oxidizing ambient to ensure maintenance of the appropriate oxygen content in the 
dielectric. Depletion of oxygen would essentially leave metallic current leakage paths 
through the capacitor dielectric, leading to failure of the cell. Both the deposition and 
anneal may subject surrounding materials to degradation. For example, polycrystalline 
silicon (polysilicon) plugs beneath the high k materials are subject to oxidation. 

[0008] Such oxidation is not limited to immediate surrounding materials. 
Rather, such oxidation may diffuse directly through an insulating layer (e.g., 
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borophosphosilicate glass or BPSG) and degrade the polysilicon contact plug, the 
conductive digit/word lines, or even the silicon substrate itself. Oxidation of any of these 
structures reduces their conductivity and is viewed as a major obstacle to incorporating 
high k materials into integrated circuits. While replacing silicon with non-oxidizing 
materials prevents degradation of the plug itself, such materials are expensive and 
many tend to allow oxygen diffusion through them to other oxidtzable elements. 

[0009] Thus, a need exists for a memory cell structure which includes a 
semiconductor device, an electrical contact and a memory cell capacitor, and which 
reliably integrates high dielectric constant materials into the process flow. 

r 

g Summary of the Invention 

H; [0010] In accordance with one aspect of the Invention, an electrical contact is 

m formed between a memory cell capacitor and the silicon substrate. The electrical 

n contact includes a contact plug sun^ounded by a silicon nitride spacer. The spacer 

s advantageously protects the contact plug and the silicon substrate from oxidizing 

M: environments, such as the environment present during subsequent processing of a high 

^ dielectric capacitor, and from other bi-directional diffusion. 

O [0011] In accordance with another aspect of the invention, the contact plug 

comprises CVD transition metals or CVD transition metal oxides. The contact plugs 
advantageously resist high temperatures and highly oxidizing environments, such as the 
environment present during fabrication of the high dielectric capacitor. 

[0012] In accordance with yet another aspect of the invention, the electrical 
contact is formed in a process which eliminates the need for spacers along word lines. 
Therefore, the extra processing steps required to produce such digit line spacers may 
be avoided and contact footprint is effectively expanded. Therefore, the electrical 
contact advantageously reduces cost and complexity of the process flow while also 
allowing for increased density of memory cells. 

[0013] Other aspects and advantages of the invention will be apparent from 
the detailed description below and the appended claims. 
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Brief Description of the Drawings 
[0014] The present invention is described in more detail below in connection 
with the attached drawings, which are meant to illustrate and not to limit the invention, 
and in which: 

[0015] Figure 1 is a schematic cross-section of a partially fabricated memory 
cell, in accordance with a preferred embodiment; 

[0016] Figure 2 shows the memory cell of Figure 1 after a contact hole is 
etched through an interlevel dielectric; 

[0017] Figure 3 shows the memory cell of Figure 2 after deposition of a 
K spacer material; 

^ [0018] Figure 4 shows the memory cell of Figure 3 after a spacer etch; 

[0019] Figure 5 shows the memory cell of Figure 4 after deposition of a 
m conductive filler material; 

^ [0020] Figure 6 shows the memory cell of Figure 5 after an etch back or 

= recess step, to leave a contact plug within the contact hole; 

L [0021] Figure 7 shows the memory cell of Figure 6 after a top barrier layer 

p has been deposited; 

Q [0022] Figure 8 shows the memory cell of Figure 7 after a planarlzation or 

etch back process, leaving a barrier cap for the contact plug; 

[0023] Figure 9 shows the memory cell of Figure 8, with a memory cell 
capacitor formed above the contact plug; 

[0024] Figure 10 is a schematic cross-section of a partially fabricated memory 
cell in accordance with a second preferred embodiment, illustrating a refractive metal 
layer deposited over a structure similar to that of Figure 4; 

[0025] Figure 11 shows the memory cell of Figure 10 after a self-align 
silicidation process; 

[0026] Figure 12 shows the memory cell of Figure 11 after deposition of a 
barrier layer and a conductive filler material; 

[0027] Figure 13 shows the memory cell of Figure 12 after an etch back or 
recess step; 
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[0028] Figure 14 shows the memory cell of Figure 13 after deposition and 
etch back of a barrier cap; 

[0029] Figure 15 shows the memory cell of Figure 14 after fabrication of a 
memory cell capacitor over the contact plug; 

[0030] Figure 16A is a schematic cross-section of a partially fabricated 
memory cell in accordance with a third preferred embodiment, showing digit or word 
lines over a semiconductor substrate; 

[0031] Figure 16B is a top down sectional view, taken along lines 16B-16B of 
Figure 16A; 

[0032] Figure 17A shows the memory cell of Figure 16A after insulating 
layers are formed over the word lines; 

[0033] Figure 178 is a top down sectional view, taken along lines 17B-17B of 



^ Figure 17A; 

u 

\^ [0034] Figure 18A shows the memory cell of Figure 17A after contact holes 

- are etched through the insulating layers; 

M. [0035] Figure 18B is a top down sectional view, taken along lines 18B-18B of 

ffi Figure 18A; 

S [0036] Figure 19A shows the memory cell of Figure 18 after formation of 

spacers, contact plugs, and barrier layers, similar to the steps of Figures 3-8; 

[0037] Figure 19B is a top down sectional view, taken along lines 19B-19B of 
Figure 19A; and 

[0038] Figure 19C is a section tal<en along lines 19C-19C of Figure 198. 



Detailed Descriptiorr of the Prefen-ed Embodiment 
[0039] While illustrated in the context of a contact to substrate in a memory 
cell, the skilled artisan will find application for the materials and processes disclosed 
herein in a wide variety of contexts. The disclosed electrical contacts have particular 
utility in fabrication process flows which include highly oxidizing environments. 

[0040] Figure 1 schematically illustrates a partially fabricated memory cell 1 DO 
fonned over and within a semiconductor substrate 110. While the illustrated silicon 
substrate 110 comprises an intrinsically doped monocrystalline silicon wafer, it will be 
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understood by one of skill in the art of semiconductor fabrication that the DsubstrateD in 
other arrangements can comprise other forms of semiconductor layers which include 
active or operable portions of integrated devices. 

[0041] In the illustrated first preferred embodiment, a plurality of transistor 
gate stacks 120 each include a gate dielectric 121, a polysilicon layer 122, and a 
conductive strap 124. The polysilicon layer 122 serves as the transistor gate electrode, 
while the strap 124, typically a metal or metal silicide, facilitates highly conductive digit 
or word line propagation. Doped transistor active areas 126 are formed in the substrate 
110 between gate stacks 120. 

[0042] The gate stacks 120 are insulated from surrounding electrical 
elements by sidewall spacers 130, conventionally formed by deposition and spacer etch, 
and protective caps 140, generally formed above the gate electrodes 120 prior to spacer 
formation. The spacers 130 and caps 140 preferably comprise silicon nitride. It will be 
understood, however, that other materials are suitable for electrically insulating the gate 
electrodes from surrounding elements, and for protecting the gate electrodes from the 
subsequent etching processes, as discussed with reference to Figure 2. 

[0043] Generations of integrated circuits are generally referred to by the 
spacing distance between the gate electrodes, also known as the critical dimension. In 
the illustrated embodiments, the gate electrodes are separated by less than about 0.40 
pm. When the distance between the gate electrodes is less than about 0.25 pm, the 
circuitry and processing therefor is referred to as sub-quarter micron technology. In the 
illustrated embodiment, dimensions and process parameters will be given for quarter 
micron technology unless explicitly stated othenA^ise. Current processing technology has 
advanced to 0.20 pm and even 0.18 pm gate spacing. Future generations are 
anticipated to employ gate spacings of 0.15 pm, 0.13 Mm, 0.10 pm, etc. As described in 
the Background section above, as circuitry shrinks, progressively smaller real estate or 
footprint is allotted to each feature in the integrated circuit. 

[0044] Also shown in Figure 1 is a thick insulating layer or interievel dielectric 
(ILD) 150 covering the silicon substrate 110, the gate electrodes 120, the spacers 130, 
and the caps 140. Typically, the ILD 150 comprises a form of oxide, and is 
borophosphosilicate glass (BPSG) in the illustrated embodiment. Depending upon the 



presence or absence of other circuit elements, the ILD 150 has a preferred thickness of 
about 4,000 A to 5,000 A. For 0.15 technology, the ILD 150 will preferably be about 
3,000 A to 4,000 A. 

[0045] Figure 2 schematically illustrates the partially fabricated memory cell 
100 having a contact via or hole 200 etched through the ILD 150. The contact hole 200 
can be formed by conventional photolithographic techniques and etch. The depth of the 
contact hole 200 is dictated by the thickness of the ILD 150, while the width of the hole 

200 is preferably wider than the distance between gate electrodes 120. Where the gate 
spacing is about 0.25 pm, the contact hole 200 is preferably about 0.40 pm wide and 
about 4,000 A to 5,000 A deep. As is well known in the art, the contact via 200 is 
selectively etched relative to the protective spacers 130 and cap layer 140, such that the 
contact hole Is said to be self-aligned. In other words, the mask defining the hole 200 
need not be precisely aligned with and may be wider than the gate spacing, as shown. 
The caps 140 and spacers 130 are only slightly etched by the selective chemistry, as 
shown 

[0046] Figure 3 schematically illustrates the partially fabricated memory cell 
100 having spacer material 300 deposited in the contact hole 200 and over the ILD 150. 
The spacer material 300 comprises an effective handler against oxygen diffusion, and is 
preferably insulating. In the illustrated embodiment, the spacer material 300 comprises 
silicon nitride (SiN), desirably in a stochiometric or near-stoichiometric fomri {Si3N4). 
SiN is preferably deposited using a low-pressure chemical vapor deposition (LPCVD). 
LPCVD is preferred for conformal lining of the vertical walls of the contact hole 200, 
though the skilled artisan will recognize other suitable deposition techniques. 

[0047] The thickness of deposited spacer material 300 depends on the 
particular properties of the spacer material 300, and upon design and operational 
considerations. The lower limit is governed by desired barrier functions. For example, 
the spacers may need to serve as a barrier against diffusion of oxygen, dopants, etc. 
The spacer material may also serve to electrically isolate the gate stacks 120 from the 
contact to be formed. The upper limit of deposition thickness is governed by the width of 
the contact hole 200. The contact hole 200 has a limit on how much spacer material 
300 can be deposited, while leaving room for conductive material of adequately low 
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resistivity to function as an electrical contact. Preferably, the illustrated silicon nitride 
spacer material 300 has a thickness between about 30 A and 350 A, more preferably 
between about 50 A and 150 A. 

[0048] Figure 4 schematically illustrates the partially fabricated memory cell 
100 after a spacer etch is conducted on the spacer material 300, forming sidewall 
spacers 400 along the vertical via sidewalls. As is known in the art, a spacer etch is a 
directional or anisotropic etch, preferentially etching exposed horizontal surfaces. 
Preferably less than about 10% of the thickness of the vertical portions of the spacer 
material 300 Is lost during this process. Most preferably, a reactive ion etch (RIE) is 
employed, though purely physical sputter etch is also contemplated. 

[0049] Figure 5 schematically illustrates the partially fabricated memory cell 
100 having conductive material 500 deposited into the contact hole 200 and over the ILD 
m 150, thus filling the hole 200. The conductive material 500 can comprise conventional 

^ plug materials, such as CVD polysilicon or tungsten, but preferably comprises an 

f oxidation-resistant material, such as a transition metal or metal oxide. Suitable 

U transition metals include platinum (Pt), rhodium (Rh), palladium (Pd), iridium (Ir), and 

P ruthenium (Ru). Conductive metal oxides include iridium oxide (Ir02) and ruthenium 

□ dioxide (Ru02). Most preferably, the conductive material is deposited by chemical 

vapor deposition. 

[0050] Figure 6 scliematically illustrates the partially fabricated memory cell 
100 after ttie contact plug material 500 has been etched back. Advantageously, an RIE 
preferentially etches horizontal surfaces and fomis a recess 600, leaving a plug portion 
610 of the conductive filler 500 therebelow. The skilled artisan will recognize other etch 
back processes. For example, chemical-mechanical planarization or polishing (CMP) 
can remove horizontal surfaces and stop on the underlying ILD 150. 

[0051] Figure 7 schematically illustrates the partially fabricated memory cell 
100 having a conductive barrier material 700 deposited in the recess 600 and over the 
ILD 150. In the Illustrated embodiment, the barrier material 700 comprises titanium 
nitride (TIN). Altemative conductive barriers include TiAIN and PtRh. The barrier 
material 700 is also preferably deposited using CVD techniques, although other 
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techniques, including physical vapor deposition and spin-on deposition, may also be 
suitable. 

[0052] Figure 8 schematically illustrates the partially fabricated memory cell 
100 having the excess bamer layer material 700 removed from outside the recess 600, 
leaving a banier cap 800 integrally fomied with the plug portion 610, which together 
represent a completed contact plug 850. Preferably, this removal is perfomied by CMP. 
The skilled artisan will appreciate other suitable etch back techniques, including sputter 
etch and RIE. 

[0053] The barrier cap 800 has several functions. For example, barrier cap 
800 prevents vertical diffusion of oxygen into the plug portion 610 during subsequent 
process flow steps, such as fomiation of a high dielectric used in a memory cell 
capacitor. Such oxidation can significantly reduce the conductivity of the contact plug 
850. The barrier cap 800 also prevents dopant diffusion, Including out diffusion of 
electrical dopants (e.g., boron, arsenic or phosphorus) from the active area 126. 

[0054] The embodiment of Figures 1-8 thus provides an electrical contact 850 
having an Insulating spacer 400 surrounding the sidewalls of the contact plug 850. The 
spacer 400 protects the contact plug 850 from oxidation during subsequent process 
flows, for example, from the highly oxidizing environments associated with the fomnation 
of high dielectric constant capacitors in memory cells. Such highly oxidizing 
environments could othenvise oxidize plugs of conventional construction, rendering 
them non-conductive. Moreover, even with state-of the-art transition metal or metal 
oxide plugs, as utilized in the preferred embodiment, highly rich oxygen environments 
and high thermal energy during high k material formation (including curing anneal) can 
lead to oxygen diffusion through the ILD 150 to sidewalls of the plug 850. The illustrated 
spacers 400 prevent such diffusion from continuing through the plug 850 and into the 
active area 126. 

[0055] Figure 9 illustrates an exemplary memory cell capacitor 900 formed 
over the plug 850. The memory cell capacitor 900 includes a bottom or storage 
electrode 910. a capacitor dielectric 920. and a top or reference electrode 930. An 
insulating layer 940 preferably surrounds and provides a container-shaped template for 
the bottom electrode 910. As discussed above, the dielectric 920 preferably comprises 
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a material having a high dielectric constant, i.e., greater than about 10, so as to enable 
smaller and simpler memory cell capacitor structures. Such materials include tantalum 
oxide (Ta205), barium strontium titanate (BST), strontium titanate (ST), barium titanate 
(BT). lead zirconium titanate (PZT), and strontium bismuth tantalate (SBT). These 
materials are characterized by effective dielectric constants significantly higher than 
conventional dielectrics (e.g., silicon oxides and nitrides). Whereas k equals 3.9 for 
silicon dioxide, the dielectric constants of these new materials can range from 20 to 40 
(tantalum oxide) to greater than 100 {e.g., BST, for which k $ 300), and some even 
higher (600 to 800). 

U [0056] An exemplary dielectric 920 comprises SBT, deposited by chemical 

^ vapor deposition or spin-on deposition, followed by a curing anneal to crystallize the 

^ dielectric. The anneal is preferably performed between about 450EC and 950EC. This 

m crystallization of a complex oxide such as SBT should be performed in an oxygen 

r ambient, preferably an O2, O3, N2O, NO, or other oxygen-containing ambient. During 

9 this high temperature oxidation step, oxygen tends to diffuse outward from the dielectric 

layer 920. 

P [0057] The structure and material for the illustrated memory cell capacitor 900 

O are merely exemplary. The skilled artisan will readily appreciate the utility of the 

^ illustrated contact staicture In a variety of integrated circuit designs. 

[0058] Figures 10-15 Illustrate a partially fabricated memory cell 1000 Is in 
accordance with a second preferred embodiment. Similar features to those of the 
previous embodiment will be referenced by like numerals, for convenience. With 
reference initially to Figure 10, the memory cell 1000 has been fabricated by process 
steps similar to those described with respect to Figures 1-4, such that sidewall spacers 
400 are fomried in contact hole 200, as shown. In addition to the non-conductive banrier, 
properties of the sidewall spacers 400, the memory cell 1000 of the second embodiment 
includes conductive liners for superior barrier properties and improved conductivity. 

[0059] In particular, a metal layer 1010. preferably a refractory metal such as 
titanium, tungsten, titanium nitride, tungsten nitride, etc., is deposited into the contact 
hole 200 and over the ILD 150. The thickness of the metal layer 1010 depends on the 
geometry of the circuit design, and operational considerations. An upper limit on the 
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thickness of the metal layer 1010 is influenced by a desire to avoid overconsumption of 
the active area 126 during subsequent annealing, as will be clear from the disclosure 
below. The metal layer 1010 should be thick enough, however, to react with silicon and 
produce a silicide layer which is sufficient to consume any native oxide on the surface of 
the substrate 110, and to provide good adhesive contact with a subsequently deposited 
layer. Additionally, the metal layer 1010 should be deposited In an appropriate thickness 
to cover the active area 126 at the bottom of the deep contact hole 200. Preferably, the 
metal layer 1010 comprises titanium with a thickness between about 25 A and 150 A. 

[0060] With reference to Figure 11. the substrate is then annealed to react 
the metal layer 1010 with the substrate 110, forming a silicide cladding 1100 over the 
active area 126. As the silicide cladding 1100 forms only where the metal layer 1010 
contacts silicon, this process is referred to in the art as a self-aligned silicide, or 
□salicide.D process. The sillcidatlon reaction consumes any native oxide at the surface. 
This function is particularly advantageous where the filler metals, such as noble and 
other transition metals, do not readily react with the silicon of the preferred substrate 
110. Unreacted metal is then selectively etched, typically with a selective wet etch, such 
that only the silicide cladding 1 100 remains. This silicide cladding 1 100 forms electrical 
contact between the active area 126 and a later-deposited layer. 

[0061] Figure 12 Illustrates the partially fabricated memory cell 1000 after a 
conductive barrier liner 1200 has been deposited into the contact hole 200 and over the 
ILD 150, followed by the conductive plug material or filler 500. The conductive barrier 
liner 1200 preferably comprises a non-oxidizing, dense, small grain material, such as 
metal nitrides, metal silicides, etc.. which demonstrate good barrier properties. Titanium 
nitride (TIN), for example, can be confonmally deposited by metal organic or inorganic 
CVD. Another prefenred material comprises TiAIN. 

[0062] The conductive barrier liner 1200 is desirably thin enough to leave 
room for the more highly conductive filler 500, and thick enough to serve as a barrier. 
The preferred thickness is between about 25 A and 300 A for a 0.40 pm contact hole. 
The conductive barrier liner 1200 advantageously inhibits silicon, oxygen and dopant 
diffusion. 



[0063] As in the previous embodiment, the filler 500 is then deposited into the 
contact hole 200 and over the conductive barrier layer 1200. The filler 500 can be as 
described with respect to Figure 5. 

[0064] With reference to Figures 13 to 15, the illustrated embodiment 
includes subsequent steps similar to those described above with respect to Figures 6 to 
9. In particular, the filler 500 is recessed (Figure 13), a conductive bam'er deposited and 
etched back to leave a banier cap 800 (Figure 14), and a memory cell capacitor 900 
formed over the contact plug 850 (Figure 15). Advantageously, the capacitor 900 
incorporates a high dielectric constant material 920. During the recess step, shown in 
H= Figure 13, both the filler 500 and the conductive barrier liner 1200 are preferably 

Q recessed, and the barrier cap 800 completes the conductive bam'er on all sides of the 

rf plug portion 610. Altematively, the liner can be first deposited and etched back, and the 

yi 

ffl filler deposited thereafter. In this case, only the filler needs to be recessed, such that 

^ the liner extends around the barrier cap. 

: [0065] Thus, the second embodiment provides the contact plug 1300 which 

H= 

U includes conductive bamers 800, 1100. and 1200 on all sides (top, bottom and 

n 

^1 sidewalls), as well as the non-conductive banrier, or sidewall spacers 400 around the 

G contact sidewall and extending the depth of the plug portion 610 (thereby covering the 

major surface of the plug portion 610. The contact plug 850 thus provides electrical 
contact between the substrate 110 and the overlying cell capacitor 900, while at the 
same time blocking potential diffusion paths to or from the substrate 110. 

[0066] Figures 16A«19C illustrate a process flow in accordance with a third 
preferred embodiment. In particular. Figure 16A illustrates a partially fabricated memory 
cell 1600 including a semiconductor substrate 1610 and transistor gate stacks 1620 
fornied thereover on either side of a transistor active area 1626. As with the previously 
described embodiments, the substrate 110 preferably comprises a doped 
monocyrstalline silicon wafer and the gate stacks 1620 each preferably comprise a gate 
dielectric 1621, a polysilicon electrode layer 1622, a metal strap 1624 and protective cap 
1640. Notably, the gate stacks 1620 do not include sidewall spacers. 

[0067] Figure 16B illustrates a top view of the gate stacks 1620 of Figure 
16A. As shown, the stacks 1620 extend laterally across the substrate, serving as digit 
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or word lines between transistors. While not shown, it will be understood that field 
isolation elements are typically also fomried within the substrate, to isolate transistors 
from one another. 

[0068] Figure 17A illustrates the cell 1600 after a first insulating layer 1700 
and a second insulating layer or ILD 1750 are deposited over the gate stacks 1620 and 
the silicon substrate 1610. The first insulating layer 1700 prevents direct contact 
between the overlying second insulating layer or ILD 1750, preferably comprising BPSG, 
and the gate stacks 1620. Accordingly, the first insulating layer 1700 desirably inhibits 
dopant diffusion from the overlying BPSG into the gate stacks 1620 and the substrate 
1610. In the illustrated embodiment, the first insulating layer 1700 comprises oxide 
deposited from tetraethylorthosilicate, conventionally refen-ed to as TEOS. As is known 
in the art, TEOS can be deposited by plasma CVD with excellent step coverage. The 
thickness for the first insulating layer 1700 is preferably less than about 500 A, more 
preferably between about 200 A and 300 A, while the second insulating layer 1750 is 
preferably about 3,000 A to 4,000 A thick. 

[0069] Figure 178 is a sectional top down view of the cell 1600. The broken 
lines indicate that the gate stacks 1620 are hidden below the insulating layers 1750, 
1700. 

[0070] Though not illustrated, the insulating layers can optionally be 
planarized down to the level of the gate stacks at this point. CMP would abrade the ILD 
and the first insulafing layer until the nitride caps of the gate stacks are exposed. Such 
a process would advantageously lower the height of the contact to be formed, for a 
given contact width, thus facilitating easier fill and further scaling of the integrated circuit 
design. 

[0071] Figures ISA and 188 schematically illustrate the partially fabricated 
memory cell 1600 having a via or contact hole 2000 etched through the insulating layers 
1750. 1700 to expose the underlying transistor active area 1626. Figure 188 is a top 
down section of the partially fabricated memory cell 1600 of Figure 18A, showing two 
such contact holes 2000 adjacent one another. Preferably, the contact holes 2000 are 
etched by photolithography and selective etch. The etch chemistry is selected to 
consume oxide without attacking the nitride cap or conductive layers of the gate stacks 
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1620. As in the previous embodiments, the depth of each cx)ntact hole 2000 is 
determined by the thickness of the insulating layers 1700, 1750, the gate spacing is 
preferably less than about 0.40 pm, and the contact hole width is preferably greater than 
the gate spacing. For example, if the gate spacing is about 0.25 pm, the contact hole 
2000 is preferably about 0.4 pm wide and about 4,000 A to 5,000 A deep (assuming the 
BPSG has not be planarized down to the level of the gate stacks). 

[0072] As shown, the TEOS of the illustrated first insulating layer 1700 and 
the nitride caps 1640 will typically be laterally recessed somewhat in the course of the 
etch. The conductive layers of the gate stack 1620, however, are largely undamaged by 
the etch. 

[0073] Figures 19A-19C illustrate exemplary contact plugs 2850 of the third 
prefen-ed embodiment. As Illustrated, each plug 2850 Includes a non-conductive spacer 
2400, preferably comprising silicon nitride, and a conductive filler material 2610, 
preferably comprising a non-oxidizing metal or metal oxide. Additionally, a conductive 
barrier cap 2800 is formed over the recessed filler material 2610. The illustrated contact 
2850 thus resembles the contact 850 of Figures 3-9, and the processes for transforming 
the cell 1600 from the structure of Figure 18A to that of Figure 19A can be as described 
with respect to Figures 3-9. 

[0074] Unlike the first embodiment, however, the spacers 2400 of the first 
embodiment are in direct contact with the conductive layers 1622, 1624 of the gate stack 
1620. without any intervening gate sidewall spacers. Rather than the gate spacers, only 
the non-conductive spacers 2400 lining the contact hole 2000 (or surrounding the 
contact plug 2850) electrically insulate the contact plug 2850 from the gate stacks 1620. 
This electrical insulation is provided only at the contacts. In areas between transistors, 
where the gate stack 1620 functions only as a word line, the gates are insulated only by 
the first and second insulating layers 1700, 1750. 

[0075] Thus, only one insulating layer is provided between the conductive 
gate stacks 1620 and each contact 2850. In contrast, Figure 9 shows both the gate 
spacer 130 and the contact spacer 400 interposed between the electrode layers 122, 
124 and the contact 850. Thus, the usable space between the gate stacks 1620 is 
widened, relative to the process flows of the previously discussed embodiments. 



-14- 



Omission of the gate spacers leaves more space for conductive contact material, and 
facilitates further scaling. 

[0076] Although the foregoing invention has been described in terms of 
certain preferred embodiments, other embodiments will be apparent to those of ordinary 
skill in the art. For example, a process flow similar to that of the second embodiment 
(Figures 10-15) can be substituted into the third embodiment, thereby including a silicide 
cladding at the active area surface and a conductive liner. Additionally, other 
combinations, omissions, substitutions and modification will be apparent to the skilled 
artisan, in view of the disclosure herein. Accordingly, the present invention is not 
intended to be limited by the recitation of the preferred embodiments, but is instead to 
be defined by reference to the appended claims. 
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